SINcE THE DAYS of Lister and Von Bergmann, surgeons have tried to avoid infections of clean wounds. Although Lister was the first to emphasize that air was the major source of infecting organisms, gross contaminations by contact were soon recognized as responsible for most infections of that day and the air as a vector came to be ignored. Contamination the air that were given off predominantly from the respiratory tracts of the occupants of the operating room. We were compelled to recognize this third route as very important in the contamination of clean wounds in 1934 after thorough studies of our sterilization procedures, scrubbing technic, room preparation, skin antiseptics and preparation, aseptic ritual and operative technics failed to reduce satisfactorily our infection rate following large, clean operations. Various masks, head hoods and ventilated helmets were investigated in detail for their ability to control expired air, but a completely effective and yet practical and comfortable device was not found. Discouraged by these attempts and desiring to eliminate airborne organisms from whatever source, we turned to direct ultraviolet irradiation which was known to be highly bactericidal. These efforts proved highly successful 1120, [22] [23] [24] [25] [26] and we came to rely on direct ultraviolet irradiation as the simplest and most effective means to control bacterial contaminants spread by this third route. Protection of personnel and patients from ultraviolet irradiation proved to be only a minor inconvenience.2' Ultraviolet irradiation was found to be effective regardless of the variety or source of airborne organisms. for a variety of cardiac lesions. These procedures were followed and analyzed for postoperative wound infections and also postoperative bacterial endocarditis.
Results Once ultraviolet irradiation was installed in our operating rooms, the results obtained in controlling the air as a vector of organisms and in reducing unexplained infections in clean wound were immediate and dramatic and have been maintained since that time. Table 2 presents a summary of our more recent studies of clean operations, performed under direct ultraviolet irradiation between 1941 and 1965 and also our summary data reported previously for the 1936 to 1941 period. These studies were made by surgeons in our institution representing the fields of general, thoracic, cardiac, orthopedic, and neurologic surgery. In this group of more than 23,000 clean operations the overall unexplained infection rate was 0.34%. Hospital without irradiation were approximately five times higher for undrained clean wounds (refined clean), three times higher for drained clean wounds, and approximately twice as high for contaminated wounds as in the Duke Hospital with ultraviolet irradiation. In the categories "clean drained surgical wounds" and "contaminated surgical wounds," a number of possible sources of infections are always present. Therefore, the role of airbome contaminants in infections following these operations is difficult, if not impossible, to determine. Factually, to obtain a valid evaluation of a single factor such as ultraviolet irradiation in the control of postoperative wound infections, only refined clean operations should be considered. Because of this, in prior Duke studies of ultra- The 524 consecutive open heart procedures studied were performed on 515 patients. Congenital heart disease accounted for 361 procedures and 163 of the operations were for acquired heart disease. As with most series of cardiac patients, their state of general health ranged from robust to the chronically ill and debilitated. Certain factors which added to the risks of postoperative infection in these patients are given in Table 5 All these open heart patients were given prophylactic antibiotics starting the evening before operation and continuing for at least 7 days postoperatively. Ordinary procaine penicillin and streptomycin were the antibiotics used except in penicillin-sen- Table 7 show the notably higher infection rates in the NRC Cooperative Study for all categories of wounds, with and without ultraviolet irradiation. In addition to these higher infection rates, rather wide variations in frequency of infections for different categories of wounds (Table 9 ) and for different operations (Table 10) nated operations from our refined clean category simply because they were nonelective. We can only assume therefore that the factors accounting for this wide difference in subdivision of clean wounds between the two studies were either the less frequent use of drains in clean wounds or the more frequent primary closure of clean wounds in the Duke study. If it is true that at Duke we do drain fewer clean wounds, or close primarily more clean wounds than indicated by the hospitals of the Cooperative Study and in this way convert more of our clean operations to the refined clean category with its lower infection rate, then certainly, a large part of our confidence to do this has come from our low infection experience with ultraviolet irradiation.
In all of our past is, 19, 21, [38] [39] [40] and more recent bacteriologic studies the lethal effects of direct ultraviolet irradiation on airborne bacteria and bacteria that have sedimented on exposed surfaces (Table 1) Points of Agreement: Our past and these more recent Duke studies are in complete agreement with the NRC Cooperative Study in what we consider to be the four most important criteria in judging the value of ultraviolet irradiation. Both studies agree that:
(1) The air of occupied operating rooms without ultraviolet radiation is contaminated with bacteria of varying degrees of pathogenicity, particularly staphylococci, which sediment continuously on all exposed surfaces.
(2) Direct ultraviolet irradiation has a highly efficient bactericidal effect which rapidly kills all types of organisms and will markedly reduce any airborne bacterial contamination in the operating room.
(3) With suitable protection, direct ultraviolet irradiation is safe for operating room personnel and patients.
(4) With direct ultraviolet irradiation of the operating room of suitable intensity there is a significant reduction in the number of postoperative wound infections following refined clean operations.
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Discussion Probably the only part of the detailed 192 page NRC Cooperative Study report that has been read by most surgeons is the summary. In this is presented in three sentences the NRC Cooperative Study conclusions regarding the value of ultraviolet irradiation. These are contrary to some results given in the body of the report and are worded in such a way as to disparage the value and discourage the use of ultraviolet irradiation. We believe these concluding summary statements deserve further comment.
"The only category of wounds that benefited significantly from the use of ultraviolet irradiation was the refined clean group in which the average postoperative infection rate was reduced from 3.8% to 2.9%0." An average drop of only 0.9% in the infection rate may not impress the casual reader but it represents an average improvement of 24% for the five hospitals with a range of improvement as high as 44% obtained by one of the cooperating hospitals. The NRC Cooperative Study found this decrease in infections following refined clean operations to be statistically significant. The body of the report states that "on the basis of the observed infection rate in irradiated refined clean wounds it may be concluded that about 30 of the patients would not have had wound infections if ultraviolet irradiation had been used for all of these refined clean cases." Though infection following any operation may be catastrophic, this reduction of infections is of tremendous importance in such refined clean operations as open heart surgery and transplantation procedures.
"Although ultraviolet irradiation reduced the number of airborne bacteria in the operating room, the wound infection rate in the entire series following operation was 7.4% in irradiated rooms and 7.5% in un- ments by surgeonis for anid against the various possible sources and causes will obviously continue for sometime to come. Some will feel that most postoperative infections in clean wounds originate from viable organisms left on or washed up from the pores of the patient's skin; others will be sure they mainly follow breaks in sterile technic such as punctured rubber gloves, or that they are endogenous from some other infected site within the patient. Certainly, all of these sources and others that could be mentioned undoubtedly do contribute many infections. However, based upon our results from 30 years experience operating under direct ultraviolet irradiation, we feel (1) that most unexplained postoperative infections which occur after clean operations have their origin in the operating room while the wound is open; (2) that some of the principal sources of the offending bacteria are the mouths, throats and noses of the operating room occupants; and (3) that the organisms from these sources, along with those on lint and other floating particles, reach the sterile field, the instruments and the wound by way of continuous sedimentation through the air.
Though it may be impossible to prove these hypotheses, we and others have proven by many previously reported studies 15, 18, 19, 24, 39, 42 that ultraviolet irradiation will effectively eliminate this air route of spread of infective organisms and prevent their continuous sedimenting buildup on all exposed surfaces during operations of any duration.
It is difficult for us to escape the conviction that our use of direct ultraviolet irradiation has played a major role in keeping our postoperative infections, particularly following clean operations with large, long exposed wounds, to a very low level. 
Conclusions

